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Question # 1 (15 marks). Mass transfer and diffusion (Recommended time: 30 minutes) 
Two bulbs are connected by a tube, 0.002 m in diameter and 0.2m long. Bulb 1 contains argon, 
and bulb 2 contains xenon. The pressure and temperature are maintained at 1 atm and 105 0C. 
The diffusivity coefficient is 18 mm2/s. At time t = 0, diffusion occurs between the two bulbs. At 
a time after diffusion starts, the argon content of the gas at End 1 is 0.75 mole fraction and at 
End 2 is 0.2 mole fraction. Find: 
a) Rates and directions of mass transfer of argon and xenon (9 marks); 
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Question # 2 (25 marks). Gas absorption (Recommended time: 45 minutes) 
A tower packed with 50 mm plastic Intalox saddles is to be built to treat 500000 litres of 
entering gas per hour. The gas is air containing 5 percent of carbon dioxide by volume. A 0.2M 
solution of sodium hydroxide in water is used as absorbent. The temperature of the entering 
gas mixture and the water is 25 0C; the pressure is 2 atm. The ratio of liquid flow to gas flow is 
1.5 kg liquid per kg of gas. If the design pressure drop is 2.043 Pa per cm of packing: 
a) What should be the mass velocity of the liquid and the diameter of the tower?  
(19 marks) 
b)  Estimate the ratio of the gas velocity to the flooding velocity using a generalized 
correlation (see Figure 1) and also using specific data for Intalox saddles (see Figure 2). 
(6 marks)  
Hint: 1 inH2O/ft = 8.17 Pa/cm;   𝑣𝑤𝑤𝑤𝑤𝑤 = 0.91 𝑐𝑐𝑐 @ 25 0C;  Cs is in ft/s; R = 8.314 
L·kPa/(K·mol) 
 
Figure 1. Generalised correlation for pressure drop in packed columns 
 (1 inH2O/ft = 8.17 Pa/cm) 
 (source: http://www.slideshare.net/GerardBHawkins/design-and-rating-of-packed-distillation-columns)  
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QUESTION # 3 (30 marks). Distillation (Recommended time: 50 minutes) 
A fractionating column operating at 1 bar is to be designed to continuously separate 10000 
kg/hr of a solution of benzene and toluene, containing 50 wt% benzene, into an overhead 
product containing 92 wt% benzene and a bottoms product containing 95 wt% toluene. A 
reflux ratio of 3.0 kg of reflux per kg of product is to be used. The feed will be liquid at its 
boiling point, and the reflux will be returned to the column at 40 0C. Enthalpies of some 
streams are given as hF = 170.9 kJ/kg, hD = 66.7 kJ/kg, hB = 201.2 kJ/kg and H1 = 539.4 kJ/kg. 
Enthalpy-concentration data for the mixture is presented in Figure 2a and 2b. 
a) Determine the quantity of top and bottom products? (5  marks); 
b) Calculate the condenser duty and the rate of heat input to the reboiler? (4  marks); 
c) The number of theoretical plates required and correct feed plate location? (8  marks); 
d) The cooling water required if the cooling water enters the condenser at 20 0C and 
leaves at 40 0C? (2  marks); 
e) The quantity of steam required if saturated steam at 5 bar is used as the heating agent 
in the reboiler (refer to Figure 3)? (1 marks); 
f) The effect on cooling water usage and steam consumption, and also on the number of 
theoretical plates required, if the reflux is returned to the column at its boiling point 
instead of at 40 0C? (10 marks). 
THIS EXAMINATION PAPER AND SUPPLIED MATERIALS ARE NOT PERMITTED TO BE REMOVED FROM 
ANY EXAMINATION VENUE IN ANY CIRCUMSTANCE 
 
Semester 1, 2015 FINAL EXAMINATION 
 ENG341 – Separation Process Principles 
Page 6 of 11 
 
Figure 2a. Enthalpy-concentration data for a binary mixture of Benzene-Toluene 
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Figure 2b. Enthalpy-concentration data for a binary mixture of Benzene-Toluene 
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Question # 4 (30 marks). Ternary extraction (Recommended time: 50 minutes) 
One thousand kg/hr of a 35 mass% acetone-in-water solution is to be extracted at 25 0C in a 
continuous, countercurrent system with a solvent composing of 95 mass% 1,1,2 – 
thrichloroethane and 5 mass% acetone to obtain a raffinate containing 8 mass% acetone. Using 
the equilibrium data in Table 1 and the tie-line data in Table 2, determine with an equilateral-
triangle diagram (see Figures 4a and 4b for a blank equilateral-triangle diagram): 
a) Operating and tie-lines for a given ternary system (by plotting them) (5 marks); 
b) The minimum flow rate of solvent (10 marks); 
c) The composition of the final extract and number of equilibrium stages for a solvent flow 
rate equal to 1.3 times the minimum solvent flow rate (9 marks); 
d) The flow rate and composition of each stream leaving the 2nd stage (6 marks). 
 
 Acetone, mass 
fraction 
Water, mass fraction Trichloromethane, 
mass fraction 
Extract 0.60 0.13 0.27 
0.50 0.04 0.46 
0.40 0.03 0.57 
0.30 0.02 0.68 
0.20 0.015 0.785 
0.10 0.01 0.89 
Raffinate 0.55 0.35 0.10 
0.50 0.43 0.07 
0.40 0.57 0.03 
0.30 0.68 0.02 
0.20 0.79 0.01 
0.10 0.895 0.005 
Table 1. Equilibrium data for a ternary mixture of acetone-water-1,1,2 – trichloromethane 
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Figure 4a. A blank equilateral-triangle diagram 
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Figure 4b. A blank equilateral-triangle diagram 
